The aim of this study was to investigate the associations between ambient air pollution and emergency department (ED) visits for depression. Methods: Health data were retrieved from the National Ambulatory Care Reporting System. ED visits for depression were retrieved from the National Ambulatory Care Reporting System using the International Classification of Diseases (ICD-10), Tenth revision codes; ICD-10: F32 (mild depressive episode) and ICD-10: F33 (recurrent depressive disorder). A case-crossover design was employed for this study. Conditional logistic regression models were used to estimate odds ratios. results: For females, exposure to ozone was associated with increased risk of an ED visit for depression between 1 and 7 days after exposure, for males, between 1 and 5, and 8 days after exposure, with odds ratios ranging between 1.02 and 1.03. conclusIons: These findings suggest that, as hypothesized, there is a positive association between exposure to air pollution and ED visits for depression.
Introduction
Depression is one of the most common mental health problems and is a significant cause of morbidity. Depression interferes with daily functioning and quality of life and places significant burden on the health care system. 1 Depression is also an important risk factor for suicide. 2 Many factors contribute to the etiology of depression, including stressful life events, 3, 4 medical treatments, nonpsychiatric illnesses, such as neurological conditions, 5 stroke, 6 diabetes, 7 and cancer, 8 and psychological factors. Recent studies have demonstrated an association between air pollution and depressive symptoms in humans. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Gaseous ambient air pollutants such as ozone are known to behave as harmful agents. 19 Fine particulate matter are associated with increased mortality due to respiratory disease, heart disease, and stroke. 20 Ozone exposure is known to affect health 19, [21] [22] [23] [24] [25] [26] [27] [28] and is mainly a risk factor for respiratory conditions such as asthma. [29] [30] [31] Several studies have also linked ambient ozone to nonrespiratory conditions such as cardiac disease, 31, 32 appendicitis, 33 headaches and migraines, 34 and skin conditions. [35] [36] [37] [38] [39] Moreover, because of its oxidative properties, ozone may induce oxidative stress, affecting the central nervous system (CNS), which is a potential cause of depression. 40 Indeed, some studies have demonstrated links between ozone levels and depression 9, 10, 16 and suicide attempts. 11, 40, 41 A study conducted in Edmonton, Canada, suggested that emergency department (ED) visits for depression are associated with exposure to ambient air pollution. 9 This time series study analyzed 15,556 ED visits for depression between 1992 and 2002. In another Canadian study, a hierarchical clusters design was used to examine 27,047 ED visits for depression in 6 Canadian cities. Results showed a correlation between ED visits for depression and ambient air pollution, most of which results from the combustion of fossil fuels, such as from motor vehicles. 10 A study of 537 participants in Seoul, Korea, reported that an increase in ambient air pollution, specifically PM 2.5 , NO 2 , and O 3 , was associated with an increase in depressive symptoms among elderly adults. These results add to the growing body of literature, suggesting an association between ambient air pollution and emotional symptoms. 16 Suicide attempts as a result of depression have also been linked to air pollution exposure. In a study in Vancouver, Canada, ambient air pollution was associated with ED visits for suicide attempts. 11 A study in Taipei city, Taiwan,
EnvironmEntal HEaltH insigHts 2016:10 exami ned 4,857 deaths by suicide, demonstrating a temporal relation between suicide and air pollution. 41 Results from several studies suggest that exposure to air pollutants may affect men and women differently. 42 For example, sex hormones estradiol and testosterone are known to influence transportation and accumulation of toxic chemicals to the brain and other organs. It is not yet known how these sex differences might bear on depression and suicide risk. 42 Only limited number of studies have been reported on the relations between air pollution and depression, and most of these studies were done in a single city with small sample size. This might be as a result of the fact that depression is not a conventional disease that has been biologically linked to air pollution. The aim of this multicity study was to investigate the association between ambient air pollution, especially ozone exposure, and ED visits for depression during the period from April 2004 to December 2011 in nine urban areas across Ontario, Canada: Algoma, Halton, Hamilton, London, Ottawa, Peel, Toronto, Windsor, and York. We also examined the relations between air pollution exposure and risk of suicide attempts among patients admitted to the ED for depression. We conducted this multicity study to see whether the results would corroborate past findings on air pollution and depression.
Materials and Methods
A case-crossover (CC) design was used to evaluate the potential association between ED visits for depression and ambient air pollution. 43 ED visits were used to represent health outcomes and were analyzed as separate individual cases. We have expressed air pollutant concentrations, temperature, and relative humidity as daily mean values. Analyses were conducted separately for males and females.
health data. Data were retrieved from the National Ambulatory Care Reporting System (NACRS). The NACRS contains data for all hospital and community-based ambulatory care such as day and night surgery, outpatient clinics, and ED visits, which are reported from Ontario's hospitals and have been collected at the time of services in participating hospitals (for more information, see Canadian Institute for Health Information website: www.cihi.ca). ED visits for depression were retrieved from the NACRS using the International Classification of Diseases, Tenth revision (ICD-10) codes ICD-10: F32 (mild depressive episode) and ICD-10: F33 (recurrent depressive disorder), during the period of April 2004 to December 2011. ICD-10 codes with prefix "F" (mental and behavioral disorders) were also retrieved for the second part of the study.
environmental data. The environmental data were obtained from Environment Canada (see NAPS website: http:// www.etc-cte.ec.gc.ca/NapsData). To obtain data on ambient air pollution, NAPS stations within 35 km of each patient's three digit postal codes were identified. The daily average values of ozone (O 3 ), nitrogen dioxide (NO 2 ), fine particulate matter with a median aerodynamic diameter no greater than 2.5 µm (PM 2.5 ), and sulfur dioxide (SO 2 ) were calculated by averaging over all the stations within this 35 km radius. Data on carbon monoxide levels were eliminated from the study due to large amounts of missing data in most of the cities. Hourly data for relative humidity and temperature for all cities were also retrieved from Environment Canada. We calculated the daily levels for these weather parameters by averaging hourly data over 24-hour periods. Only stations within 100 km of each patient were considered. If more than one station was available for a patient, the daily values of all stations were averaged. statistical analysis. Two stages of statistical analysis were performed. First, a time-stratified CC design was applied. 44 This method is an adaptation of the case-control design in which cases act as their own controls on a set of predefined control days proximate to the time of admission to hospital. This method has become very popular in studies of air pollution as it avoids confounding by individual characteristics and longer time-varying covariates such as seasonal effects. 45 A P-value less than 0.05 was considered statistically significant in all presented statistical results. Results are reported as odds ratios (ORs) and 95% confidence intervals (CIs) associated with an increase in interquartile range (IQR) of the air pollutants, after controlling for daily temperature and humidity. ORs for O 3 , NO 2 , PM 2.5 , and SO 2 were calculated separately for each city by using the PROC PHREG procedure in SAS (Enterprise Guide, version 4.2). Several different time lags for air pollutants and meteorological factors were modeled, from same-day exposure (ie, 0 day lag) to exposure 8 days before admission (ie, 0-8 day lag). In order to reduce bias, the control periods were selected from the same day of the week as the case's hospital visit, in the same month and year; for each case, three or four controls were selected.
The second stage involved a meta-analysis of the estimates and their standard errors to achieve a pooled effect estimate. To test the assumption that individual effect sizes represent the same underlying parameter for all cities, both fixed-and random-effects models were calculated. 46 Meta-analysis and meta-regression were performed using R.
results
The total number of ED visits for depression identified in this study was 118,602. Figure 1 shows frequency (counts) of ED visits for depression by sex and age from 0 to 100 years. The patients aged 100 years and older are represented on the graph as 100 years (ie, by one point). The highest number of visits occurred in the group between 16 and 25 years. The highest frequency of ED visits was at the age of 17 years for females (n = 1,803) and 43 years for males (n = 1,182). Females made more ED visits for depression (58%) than did males (42%). Table 1 shows the frequency of visits by age group, sex, city, and season: cold months (October-March) and warm months (April-September). Table 2 shows the frequency of visits by type (mild depressive episode or recurrent depressive episode). The majority (95%) of visits were for mild depressive episode (ICD-10 code F32) versus recurrent depressive disorder (ICD-10 code F33).
Descriptive statistics for relative humidity and temperature of each city are presented in Table 3 . Descriptive statistics for air pollutants by city are presented in Table 4 .
The results of pooling estimates (fixed effects) for depression across all cities were calculated for warm months (AprilSeptember) and cold months (October-March), as well as collapsed across all months. ORs and their 95% CI were calculated for a one unit increase in IQR = 75th percentile25th percentile of air pollutants. The IQR values are 9 ppb, 14.5 ppb, 7.12 µg/m 3 , and 2.5 ppb, respectively, for daily means of NO 2 , O 3 , PM 2.5 , and SO 2 . When all months were considered together, exposure to O 3 was associated with increased risk of an ED visit for depression in both females and males at multiple time lags (see Table 5 ). Increased SO 2 was also associated with increased risk for females seven days after exposure, OR = 1.013 (1.001, 1.025). For males, exposure to PM 2.5 was associated with increased risk one day after exposure, OR = 1.014 (1.000, 1.028).
Analyses were also conducted considering cold and warm months separately. Results for the warm months are presented in Figure 2 for males (left panel) and females (right panel). The pattern of results was similar to the pattern reported for all months together. In contrast, when only cold months were considered, few significant effects emerged. During the cold months, exposure to O 3 was associated with increased risk of ED visit for depression 2, 3, 5, 6, 7, and 8 days after exposure for females only. No other statistically significant results were observed for the cold months.
random-effects estimates. Random-effects estimates allow the possibility that the estimates from different cities may be estimates of different parameters. Results of a Q-statistic test indicated that for the majority of estimates (92%), the fixed-effects model was a good fit for the data. Approximately 8% of the estimates violated this assumption. Effects were calculated using random-effects meta-analysis (data not shown), and patterns of results were similar to those obtained using fixed-effects analysis.
comorbidity of depression and suicide attempt. In order to examine comorbidity of depression with suicide attempts, we identified patients who in addition to a primary diagnosis of depression had also attempted suicide. For this purpose, among all 118,602 visits for depression during the study period, we identified the patients whose secondary ICD-10 code starts with X6 (suicide by cause of poisoning), X7 (suicide by cause of hanging, strangulation, suffocation, drowning, cutting, and/or piercing with sharp object), or X80-3 (suicide by cause of jumping from a high place, jumping, or lying before a moving object). Because of the small sample size of this study, we considered both genders for all the cities together (N = 4,131 patients; 67% females, 33% males). The most visits occurred in the age group between 16 and 25 years. The highest frequency occurred at the age of 19 years among both females (4.63%) and males (3.59%). Analyses did not reveal a significant association between exposure to air pollutants and risk of suicide attempts. to be less vulnerable to bias when compared to small studies conducted at individual centers. 48 Overall, results indicated that short-term exposure to increased levels of several common pollutants is significantly associated with increased risk of an ED visit for depression.
Several studies suggest that outdoor air pollution, especially ozone, particulate matter, and carbon monoxide may have a significant impact on CNS health and disease. [49] [50] [51] [52] Ozone, because of its oxidative properties, may induce oxidative stress in the CNS, which is a potential cause of depression. 40 Several previous studies have linked ozone levels to depression 9, 10, 16, 53 and suicide attempts. 11, 40, 41 In this study, higher ozone levels were associated with increased risk of hospital visits for depression, for both males and females, at multiple time points within the eight days immediately following exposure. The effect of ozone seemed more pronounced during the warm months (April-September) than the cold months (October-March). These results are supported by previously published studies of the effects of ozone on depression. 9, 10, 16 The levels of ozone are also higher in warm seasons. Results of the current study also suggest an association between ED visits for depression and levels of PM 2.5 , NO 2 , and SO 2 .
There is a growing body of literature linking depression with exposure to air pollution. A large epidemiological study of 15,556 ED visits in Edmonton, Canada, found similar evidence for an association between ozone exposure and depression, reporting that higher daily ozone levels were associated with more ED visits for depression one day post exposure. 9 This study also reported effects of increased levels of carbon monoxide, nitrogen oxide, sulfur dioxide, and airborne particulate matter on emergency visits for depression. Similarly, a study of 537 participants in Seoul, Korea, reported that an increase in ambient air pollution, In further support of this hypothesis, studies using postmortem sampling have identified particulate matter in the human brain, albeit of unknown composition and origin. 54 Some authors have suggested that ambient particulate matter, such as that originating from diesel exhaust, may have toxic effects on dopaminergic neurons in the brain. This neurotoxicity may be a result of oxidative stress and has been hypothesized to affect depressive moods. [55] [56] [57] Other authors have suggested a link between air pollutant exposure and levels of serotonin, 58 a neurotransmitter that has also been implicated in depression. 59 Rat studies have demonstrated a near immediate effect of exposure to ozone on metabolism of both dopamine and serotonin. 60 It is not yet known whether ozone may contribute to imbalances in these neurotransmitters in humans.
Suicide attempts as a result of depression have also been linked to air pollution exposure. 11, 40, 41 In this study, we examined data from patients who in addition to a primary diagnosis of depression had also attempted suicide. We did not find any significant associations between suicide attempt and exposure to the air pollutants studied. These results are in contrast to results of other studies linking ambient air pollution to suicide risk. 11, 40, 41 A study from Vancouver, Canada, showed a potential link between the effects of ambient air pollution on ED visits for suicide attempts. 11 A study in Middle Franconia of 1,008 suicides and 917 suicide attempts from 2004 to 2007 reported that days on which two or more suicides occurred had higher ambient ozone levels than those days on which one or zero suicides were observed. 40 This study also reported a seasonal effect on suicide, with higher than usual suicide rates observed from July to September, when ozone levels are typically highest. A study of 4,857 deaths by suicide in Taipei City, Taiwan, assessed the temporal relation between suicide and air pollution. 41 The authors reported that higher levels of gaseous air pollutants such as O 3 and SO 2 were associated with an increased risk of suicide at longer time delays. Their findings also suggested a seasonal pattern of increased suicide occurring in early summer. A seasonal variation in suicide with a peak in March-April and August, respectively, and with a decrease in December-January was also reported in Belgium for the period 1979-1987. 61 Disparities in sampling strategies may contribute to the conflicting findings between studies. The present study examined the link between exposure to air pollutants and suicide risk only among patients with an ED visit for depression. The previously reported link between ambient air pollution and suicide may therefore be explained by the increased risk of depression conferred by exposure to pollutants.
In addition, many studies reporting associations between air pollution exposure and suicide have not accounted for meteorological variables such as ambient temperature, which may explain the previously reported link between summer months and suicide risk. 40 Ozone levels tend to be higher on warmer days, and results of the present study suggest that the association between ozone levels and suicide is not statistically significant. Some authors have suggested that seasonal trends in suicide may be due in part to higher ambient temperatures during the summer months, rather than due to high ozone levels. Psychological factors, such as aggression and impulsivity, may be influenced by higher temperatures and may account for increases in suicide risk in the summer months. 62 However, results of the present study indicated that even when meteorological factors were controlled for, associations between ambient air pollution and ED visits for depression were more pronounced during the summer months. This suggests that additional factors may be at play in the potentially complex relationship between season, air pollution, and depression.
conclusions
Results of this study suggest that ED visits for depression are associated with short-term exposure to ambient air pollutants and that this pattern of association differs for warm vs. cold months in Canada. Nonetheless, these findings should be interpreted in light of certain limitations. The cases of depression assessed by this study were only those in which individuals sought ED treatment. Presumably, these represent more severe depressive episodes, but future research assessing associations between pollutant exposure and depression in a community sample would lend more confidence to our conclusions. The results from this study agree with the recently reported conclusions from observation in rodents that shortterm exposure to ozone or particulate matter activates the stress response axis and increases stress hormone levels. 63, 64 Efforts to reduce ozone levels in the atmosphere may mitigate ED presentations to EDs for depressions. 
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